S2
. (a) Comparison of in situ thermal and hyperpolarized (high-field SABRE) spectra of activated Ir-IMes catalyst with pyridine after p-H 2 bubbling (~60 s) within a 9.4 T magnet of a 400 MHz high-resolution NMR spectrometer. Frequency-selective RF saturation was separately applied at frequencies corresponding to the chemical shifts of orthohydrogen (o-H 2 ) (4.5 ppm, b), and free ortho-H-Py (8.55 ppm, c), respectively, during SABRE hyperpolarization of the catalyst-Py complex (p-H 2 bubbling for 60 s). The RF saturation field strength B 1 was ~7.5 Hz (green trace) and ~2.4×10 2 Hz (black trace), respectively. When RF saturation was applied at the o-H 2 peak, the intensities for both Ir-hydride (-22.7 ppm) and the ortho-protons (8.55-8.05 ppm) of pyridine were diminished (in addition to destroying the signal from the o-H 2 resonance). This behavior is the same as the one observed for RF saturation at the Ir-hydride resonance frequency ( Figure 4a of the main text) and displays the interconnectivity between the Ir-hydride and o-H 2 hyperpolarized spin pools due to chemical exchange. When increasing RF saturation powers were applied to the pyridine ortho-proton at 8.55 ppm (corresponding to free Py in solution), only the peak intensities of these ortho-protons (of free and exchangeable Py of IrIMes catalyst complex) were significantly diminished, with changes for the o-H 2 and Ir-hydride integrals being within the large shot-to-shot variability observed across the different experiments (however this result is not surprising given the much larger spin polarization in the o-H 2 / Ir-hydride spin baths). The peak integration values for the regions of interest from these spectra can be found in Table S1 . Table S1 .
1 H NMR peak integration values for Ir-hydride, o-H 2 , and pyridine ortho-protons from hyperpolarization via SABRE found in Figure S1 . Error bars are calculated as standard deviations from two experiments. 
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On Dimerization / Oligomerization of the Ir-IMes catalyst
We have found that unless the SABRE catalyst is properly activated in the presence of excess substrate, portions of it may become irreversibly deactivated-reducing the SABRE efficiency. Similarly, metal complexes utilized in hydrogenation reactions, e.g. Crabtree's catalyst (see the main text) (Crabtree, R. Acc. Chem. Res. 1979, 12, 331-338) , are also known to eventually undergo inactivation after successive uses, with a recent report observing similar behavior with a family of catalysts including Ir-IMes (Tang, C. Y.; Lednik, J.; Vidovic, D.; Thompson, A. L.; Aldridge, S. Chem. Comm. 2011 Comm. , 47, 2523 Comm. -2525 . Studies have shown that one mechanism for deactivation of such catalysts can involve the formation of isolable polyhydride clusters, in the form of metal-hydride dimers and trimers, which are inactive to hydrogenation (Crabtree, R. Acc. Chem. Res. 1979, 12, 331-338 . and Tang, C. Y.; Lednik, J.; Vidovic, D.; Thompson, A. L.; Aldridge, S. Chem. Comm. 2011 Comm. , 47, 2523 Comm. -2525 . We hypothesized a similar process may be responsible for the inactivation of the SABRE catalyst under certain conditions and investigated the contents of a mixture where SABRE had failed by mass spectrometry.
For this sample, the Ir-IMes catalyst was pre-dissolved in deuterated methanol the day before SABRE was attempted with pyridine as the substrate; however, upon addition of substrate and p-H 2 bubbling, the sample never changed from its deep yellow color, and no SABRE enhancements could be detected. The results from ESI+ mass spectrometry clearly show the formation of a high molecular weight species that are nearly double the MW of the suggested SABRE active catalyst. Another relevant feature of the aforementioned polyhydride complexes is the ability of solvent molecules, e.g. DCM and ACN, to also complex with the dimer metals. The SABRE experiments had been conducted in MeOH, however the ESI+ experiment was carried out using ACN and water as co-solvents. The large number of peaks observed around 1186 amu may be a result of the observation of several dimer species with different solvent molecules (which have similar MW) centered around this 1186 amu signal ( Figures S3  and S4 ). 
